The goal of this paper is to explore the social foundations of regional innovation by analyzing the role of universities in promoting technology transfer and the creation of innovation networks. The argument put forward is that regional innovation benefits from, and is stimulated by, horizontal and vertical knowledge flows and trans-regional networks, enabling firms to benefit from wider knowledge transfers between old and new establishments, large and small operations, and within and across sectors. The empirical study focuses on the Kitchener and Guelph metropolitan areas, referred to as Canada's Technology Triangle (CTT), where a larger number of firms related to information technology (IT) have been successfully launched since the 1970s in the area surrounding the University of Waterloo. This research investigates to what degree these university spin-offs and start-ups have established regional networks in innovation, their level of dependence on global knowledge networks, and whether this dynamic has produced spillovers to other regional industries.
Introduction: Regional Innovation and the Case of the CTT Region
It has become widely acknowledged that knowledge and innovation are key resources of economic success (Lundvall and Johnson, 1994) , and that learning is the decisive process Sources : Statistics Canada (2001a , 2006b to provide a better understanding of the social foundations-in the sense of inter-firm interaction-of regional innovation and the processes that drive knowledge creation by analyzing, first, the vertical and horizontal networks underlying innovation and, second, the institutional support for such activities. The IT sector was chosen for this research, as spinoffs/start-ups in this industry have the greatest potential-compared to other regional ventures-to become integral parts of the wider production and research networks in the CTT region, possibly developing linkages within and across sectors. This paper is structured as follows: in Section 2, we present our conceptual framework, which revolves around the role of innovation and university spin-off firms in regional clusters. Section 3 summarizes former research in the CTT region, specifically with regards to economic development and restructuring, and Section 4 discusses the research approach and methodology applied. In Section 5, we examine the local and non-local social relationships in the CTT region as they relate to innovation, and investigate the role of institutional support. Section 6 summarizes the main findings and draws conclusions regarding the effects of IT-related university spin-offs on regional innovation.
Innovation and University Spin-Offs in Regional Clusters

Social Foundations of Innovation and Cluster Theory
In this section, we outline the conceptual framework used in this study by focusing on the conditions for regional clustering and innovation. As the region under investigation cannot be described as a fully developed industry cluster, we focus on the nature of linkages and knowledge flows that could support cluster formation and innovation in the future, especially on the role of university spin-offs and their relationships with established firms.
In the knowledge-based economy, creating and sharing knowledge has become key to generating economic growth and competitiveness (Lundvall and Johnson, 1994) . Much of the literature on regional innovation and clustering has pointed out that firms that establish linkages to other firms in the same or a similar value chain within a region, have enhanced opportunities for interactive learning (Cooke and Morgan, 1998; Morgan, 2004) , which will stimulate innovation processes (Lundvall, 1988) . Based on observations concerning the tendency for firms in complementary industries-defined by value-chain-related linkagesto form agglomerations (Porter, 1990 (Porter, , 2000 , cluster theory has developed as a network approach that examines material linkages and knowledge flows between these firms (Pinch et al., 2003; Visser and Atzema, 2008) . In such settings, the co-location of firms provides numerous opportunities for inter-firm linkages (Storper and Walker, 1989; Gordon and McCann, 2000; Preissl and Solimene, 2003) . They offer the potential for frequent face-toface communication, which enhances opportunities for firms to resolve conflicts and exchange complex information more easily. Close geographic proximity, however, does not automatically ensure that firms engage in such exchange (Amin and Cohendet, 1999) ; it can operate as a catalyst for channeling different corporate knowledge bases and organizational cultures, thereby increasing the potential to develop common understandings and interpretative schemes (Bathelt et al., 2004) .
Clusters can be distinguished on several key dimensions (Spencer et al., 2010) : the vertical dimension typically consists of specialized suppliers and service providers that generate a division of labor, allowing each firm to focus on their core area of expertise (Malmberg and Maskell, 2002) . This reduces transaction costs and provides incentives for new firms to locate in the cluster, thus stimulating the development of a specialized labor market (Scott, 2006) . The horizontal dimension of a cluster consists of the firms that compete with each other in the same or related market segments, possibly establishing a precondition for vertical growth (Porter, 1990; Maskell and Lorenzen, 2004) . These firms may not collaborate in joint research projects, but they have opportunities to closely monitor their rivals who develop similar products under similar conditions. This increases opportunities for mimicry and signals the need to differentiate products.
Other organizations are also connected to clusters and can provide significant input to the firms, such as universities, government agencies, standards councils and trade agencies (Bathelt et al., 2004) . Following Setterfield (1993) , they establish the formal basis for institutions, in the sense of correlated behavior of agents. The institutional dimension frames economic interaction in the cluster, allowing specialized users and producers to discuss and solve particular problems, and develop reasonable expectations regarding each other's actions (Hodgson, 1988; MacKinnon et al., 2009 ). While we have already emphasized that the CTT economy cannot be conceptualized as a coherent industry cluster, extended practices of vertical and/or horizontal cooperation and knowledge exchange are nonetheless important for further agglomeration and economic growth.
In the context of our study, the question arises as to what potential exists in the CTT region to strengthen cluster-like developments and overcome the negative effects of the global economic crisis. Concepts surrounding new cluster formation often emphasize the emergence of "lead" or "anchor" firms (see, for instance, Wolfe and Gertler, 2004; Henn, 2006) . Whether these are established firms that decide to enter into a new industry, spin-offs from existing firms or start-ups from university laboratories (Storper and Walker, 1989) , a key function of these firms is that they initiate something different than what was being done before in the cluster. When an industry is new, the number of regional firms moving into this industry may rise quickly, leading to a high rate of innovation, new firm formation and firms attempting to fill market niches (Klepper, 1996) . Once lead firms develop within a dynamic regional context, entrepreneurialism and firm foundation may become important mechanisms for further agglomeration (Feldman and Francis, 2004) .
In emerging high-technology industries, knowledge is more likely to be embodied in human capital rather than physical capital, through which knowledge is more easily transferred via the founders to new firms (Klepper and Sleeper, 2005) . Employee spin-offs replicate and reproduce at least some of the routines of the parent firms. Employees of incumbent firms usually leave their parent organizations with detailed knowledge of technologies and the respective marketplace, allowing them to potentially fill the horizontal and vertical dimensions of the cluster by moving to market segments that the parent firms are unable to meet (Feldman and Francis, 2004) . While employee spin-offs may slowly thicken a growing agglomeration, university-based start-ups have the potential for more radical shifts in innovation and organizational structures.
University Spin-Offs and Innovation Networks
New ventures are typically viewed as university spin-offs if they result from a process of commercializing academic research efforts, but, beyond this understanding, significant variations exist in the definition of such ventures (Lockett et al., 2003; Pirnay et al., 2003; Bathelt et al., 2010) . The present study takes this as a starting point, and-similar to the categorization of university spin-outs developed by Nicolaou and Birley (2003) -considers a multitude of aspects in the definition of such ventures, including the origin of the firm's core technology, the current or former affiliation of the founding members and the source of funding used to start up the firm, all of which have to have some link to a university. For the most part, university spin-offs face similar obstacles when they are initially launched as conventional high-technology start-ups, but two significant differences exist (Vohora et al., 2004) : first, university spin-off firms originate from a non-commercial environment, which sometimes lacks the proper resources that are available to spin-offs from other businesses in the private sector. Second, corporate spin-offs are frequently able to achieve legitimacy and accountability in the context of the parent organizations and their reputation in the market place (Hannan and Freeman, 1993) , while university spin-offs lack such advantages.
University spin-off and start-up ventures are widely acknowledged as an efficient technology transfer mechanism for supporting regional economic competitiveness (Etzkowitz et al., 2000; Wright et al., 2004) . Studies of regional economies show that the successes of start-up firms and their potential to grow into lead firms depend on different configurations (Hayter, 1997) , two of which deserve particular attention.
First, we know from empirical investigations that broad regional effects are more likely to occur if the regional economy draws from technological complementarities and related overlapping knowledge bases that enable firms to establish vertical regional networks and engage in knowledge exchange (Boschma, 2005) . A corresponding regional ensemble of firms can take the form of a regional thickening of a particular value chain or of a fully fledged industry cluster with a well-developed supplier and institutional infrastructure (Porter, 1990; Malmberg and Maskell, 2002) . In the case of a cluster, regional networks can develop and dynamic local knowledge flows, or buzz, can unfold (Bathelt et al., 2004; Storper and Venables, 2004) . In contrast, if local firms are not closely related to one another in terms of their utilized technology and knowledge base, possibilities for local networking and related growth triggers likely remain limited (Nooteboom, 2000) . Instead, we might observe that growth has few collective qualities but is a result of individual firm successes that rely on bonds with partners outside the regional or even national economy.
Second, strong connections to global value chains and access to external markets and technology partners are key in generating growth impulses and supporting processes of innovation in the regional context (Oinas and Malecki, 1999; Bathelt et al., 2004; OwenSmith and Powell, 2004) .
Ideally, both configurations jointly enable university spin-offs to provide ideas and incentives for renewal and reorganization in established firms (Hannan and Freeman, 1993) . Through this, negative consequences of structural crises in a region could be overcome, as suggested by the model of regional re-bundling (Bathelt and Boggs, 2003) . Feldman et al. (2005) describe a similar sequence in the case of the biotechnology industry as a process that can lead to the establishment of new clusters. On the contrary, if external market or technology linkages are weak or non-existent, regional growth likely remains limited, and the danger of negative technological lock-in may increase, resulting in an unstable regional economy.
If the conditions for neither of the two configurations are in place, strong regional economic growth will be an unlikely outcome. University spin-offs that initially appear promising would remain small or disappear from the market. From this, the goal of the following analysis can be rephrased to investigate whether successful innovation in the CTT region's IT sector is related to the first configuration, that is, strong regional networking or cluster-like linkages; or whether it is mainly related to the second configuration, that is, individually successful, globally integrated IT firms; or whether a combination of both applies. As such, we will analyze the local and trans-local linkage patterns in innovation, and the structure of institutional support. Before proceeding with this analysis, the next section discusses the historical background of spin-off and growth processes in the CTT region.
Previous Research on Growth and Spin-Off Processes in the CTT Region
The CTT region was traditionally, and still is, characterized by a diversified manufacturing base. In the post-World War II period, manufacturing growth was driven by such industries as fabricated metals, machinery and electrical products (Wahl, 2007; . The region also developed a strong basis in the automobile supplier/transportation equipment sector (Rutherford and Holmes, 2008) . Since the 1970s, this region experienced the impetus of spin-off processes from university research. Specifically surrounding the activities of the University of Waterloo, numerous firms in the area of IT, such as Dalsa, Open Text, Research in Motion (RIM), Sybase or Waterloo Maple, were successfully launched, altogether establishing a growing regional technology base (Bathelt and Hecht, 1990; Parker, 2001; Colapinto, 2007; .
This process was related to the foundation of the University of Waterloo in 1959 as a university with an engineering focus, allowing members to own patents from university research. Industrial leaders, such as Ira Needles from BF Goodrich, played an important role in the design of the university. They shaped the university's co-operative education program and its openness toward private sector collaboration and funding (Bathelt, 1991; Wahl, 2007; . Compared to other Canadian universities, the University of Waterloo not only had a more pronounced focus on establishing university-industry linkages, but also developed a stronger focus on basic and applied research, focusing on technologies of potential economic value. According to Niosi (2000) , the University of Waterloo was Canada's largest research university in the late 1960s, representing a significant driver of a more research-oriented, as opposed to a resource-led, national production and innovation system. Until 2007, the University of Waterloo was incubator to 47 spin-off firms, which were derived, in a narrow sense, from university research, 24 of which were directly related to IT industries.
3 The university's initial advantage, however, decreased over time. By the 1990s, observers already began speculating that the overall key to economic growth and success in the region was primarily due to the university's coop program and a constant flow of highly qualified graduates, who found a job in the region's 3 There were also other educational organizations that spurred firm formation in the region. The University of Guelph, for instance, produced at least 13 spin-off firms outside the IT sector, and organizations, such as Conestoga Community College, which claims that more than 200 enterprises were started by its graduates (Conestoga College, 2003) , also led to technology-based start-ups.
growing technology sector, rather than a consequence of university spin-off processes (Bathelt, 1991) .
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Aside from start-ups surrounding the University of Waterloo, the region also attracted a number of multinational IT firms such as Google, Hewlett-Packard, Microsoft and NCR, which established branches or acquired existing technology firms. Although 87 per cent of the firms surveyed in information and communication technologies in a Communitech (2006) report had in-house R&D, most of this focused on incremental development tasks rather than basic or applied research. In addition, local technology firms had seemingly not developed extensive input-output linkages in the regional economy (Xu, 2003; .
Overall, the regional economy successfully transformed its economic base, while remaining strongly diversified. As shown in Table 2 , traditional manufacturing sectors such as textile mills, clothing and leather manufacturing lost 50-60 per cent of their employees in the Kitchener CMA between 2001 and 2006. This structural change was over-compensated by a 20 per cent increase of employment in plastics/rubber products and computer/electronic product manufacturing. Most knowledge-based and producer-related services also experienced substantial job growth (see, also, Table 1 ). In the areas of professional, scientific, technical and educational services, total employment increased from about 40,000 to 47,500 between 2001 and 2006.
As will be argued below, this did not, however, lead to the establishment of a welldeveloped industry cluster with closely knit producer -user networks.
Research Approach and Methodology
In order to explore the social foundations of regional innovation, as part of a larger study concerning the social dynamics of economic performance in Canadian city-regions (Holbrook and Wolfe, 2005) , we conducted a largely qualitative study of IT-related university spin-offs/start-ups, using semi-structured interviews to understand the economic processes and decisions that led to the present structure of knowledge flows and producer -user linkages in the CTT region. At the same time, we aimed to carefully draw a sample of firms that would allow us to distinguish between more and less important trends.
The total population of start-ups and spin-offs considered was composed as follows: as a basis for our research, we used a list of 47 spin-off firms from the University of Waterloo (provided by the University's Intellectual Property Management Group in August 2007) and 14 firms where the University of Guelph played an active role in the start-up process (provided by the University's Business Development Office in September 2007). Further, we had a list of 227 start-up firms, established by PricewaterhouseCoopers (2001b), from a region-wide industry survey in which firms identified themselves as being related to the 4 According to a study in 1988, most university spin-offs were still relatively small with about 60 per cent having 10 employees or less; the 39 firms which were interviewed at that time had created a total of 545 jobs (14 jobs per firm), most of which were located in the region (Bathelt, 1991) . About 20 per cent of the university spin-offs had little business success, and did not survive beyond 1988. 5 Lazaridis, one of the co-founders of RIM, repeatedly pointed out that the flow of new graduates would be the most important source of technology transfer from the local universities to RIM (Brady, 2004; Livingston, 2007) . regional universities, on a scale from strongly related ("but-for") to weakly related ("at least in part") (PricewaterhouseCoopers, 2001a) . 6 We viewed the firms indicated by the universities as true spin-off firms since they were closely related to university research. The other firms identified by PricewaterhouseCoopers (2001b) were viewed as university-related start-ups.
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As shown in Table 3 , the lists included 119 IT firms, 83 firms in engineering and engineering consulting, and 86 firms from a variety of fields, including architects, specialty equipment outlets, and even a dance studio and a flower shop. We decided to focus only on the IT population because these firms had the largest innovation potential and potential to form regional producer -user networks, possibly even across different value chains. Before beginning our sampling process, we researched each of the 119 IT firms on the list and collected information, such as business focus, location, firm size and a potential interview partner. 8 Out of this population, 16 firms (13 per cent) were not found, and another 36 (30 per cent) were not located in the region and were thereby excluded. An additional 8 firms (7 per cent) were acquired by other IT firms on the list, whereas another 17 establishments (14 per cent) were confirmed closed. After this process, we arrived at a population total of 42 IT firms relevant for our study (Table 3) . At the end, we contacted 32 out of these 42 firms (76 per cent). Of these, 14 were unresponsive or did not agree to give an interview.
9 Although this is a seemingly small sample of firms, we should keep in mind that these firms represent a substantive portion of the extant regional IT-based start-up/spin-off firms, particularly related to the University of Waterloo, and belong to the most innovative segment of start-up/spin-off firms in the region. 10 Compared to the relevant firm population of 42 firms, a substantial proportion (43 per cent) was interviewed (Table 3) . These interviews were augmented with an additional seven interviews with regional experts, such as university technology transfer personnel and economic development officials. The interviews conducted took between 45 and 75 minutes on average, and were mostly held on a face-to-face basis. Altogether, we are thus confident that our sample allows us to draw careful conclusions regarding the impact of IT-related university spin-offs/start-ups in the region, and their innovation linkages. During our interviews, we investigated the way in which spin-off/start-up firms established regional producer -user networks, in which way they developed global linkages, or pipelines, and whether this dynamic produced spillovers to other regional industries, due to practices such as inter-sectoral networking, technology transfer and job hopping. We somewhat dated, but was the only list of this type available. As such, it was key to our research. 7 For a comprehensive typology of university-related start-up and spin-off firms, see Bathelt et al. (2010) . 8 This was a time-consuming process, which included checking the virtual firm directories of the region and the cities' business development offices. See http://www.techtriangle.com/search/business.cfm, as well as several other websites (i.e. Canada411, Waterloo Tech Digest, uwRyan.com, Strategis-Government of Canada) and Google. 9 This relatively high rejection rate of 45 per cent might also be an indication that the region has been over-studied in recent years, resulting in many interview requests for local firms. 10 Many of the IT-related spin-offs/start-ups are software firms, or have a strong software component. They belong to different value chains and, thus, do not form a cluster-like structure. They are also not involved in an extended social division of labor, especially with respect to upstream linkages (compare Trippl et al., 2009) . It should be emphasized, however, that many of the spin-offs/start-ups in CTT also have a hardware segment, or grew out of such a segment. primarily talked to the founders, executives or research heads of the firms. Our questions focused on three main areas of interest: first, we asked with what goals and incentives, and under which conditions, the firms were started up in the region. The second set of questions was concerned with material linkages and knowledge flows related to innovation, within the region or with partners in other regions and countries. Third, we were interested in finding out whether local institutional support and economic policies provided incentives to develop local linkages, and whether this led to cross-industry effects in innovation. Key characteristics of the firms interviewed are shown in Table 4 ; the results of the interviews are discussed in the next section.
Local and Non-Local Social Relations in Innovation in the CTT Region
The transformation that has taken place in the CTT region from an economy based on traditional manufacturing to one with a substantial proportion of IT-related businesses is often attributed to knowledge transfers and growth triggers based on university spin-off processes and related network effects. This suggests that the regional firms are linked through clusterlike relations or other forms of durable inter-firm linkages, as described in the conceptual part (Lundvall, 1988; Gertler, 2004) . In contrast, our research shows that local firms are not closely b Lists of university spin-offs were provided by the universities. 
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n/a n/a n/a n/a n/a n/a n/a n/a n/a related to one another and to other regional firms in their technological and knowledge base, thus limiting the possibilities for local innovation networks. As discussed below, firms tend to engage in international linkages to provide necessary growth impulses.
Producer -User Linkages and Knowledge Flows
To acquire information about the regional impact of university-related spin-offs/start-ups, we asked our sample firms to describe the nature of producer -user linkages and other important knowledge flows, and what impact these relationships had on their innovation processes, to investigate the qualities of the vertical dimension of the cluster (Malmberg and Maskell, 2002) . In addition to intra-regional linkages, we inquired about knowledge pipelines that exist into, or from, other regions, as described by Bathelt et al. (2004) . The results are presented according to supplier, customer, Internet, community/labor market and corporate linkages, and their spatiality:
(i) Supplier linkages. In terms of supply-side relations, firms generally responded that reliable suppliers are important, but not critical to their innovation process: approximately two-thirds (9 firms) viewed them as relatively unimportant, and only 2 as important (Table 5) . Similarly, the existence of local suppliers was rated as being unimportant in all cases. Nearly all firms (15) indicated that the percentage of supplies acquired locally was 10 per cent or less (Table 4) . Key supplies were typically not drawn from within the region. Many firms recognized suppliers more broadly as development partners, but not as key figures in the generation of new ideas for innovation. As one interviewee pointed out, "[o]ur suppliers provide us with tools . . . the capabilities of those tools can be important, but as far as applying new ideas, practically zero" (Interview 8). This is also confirmed by the findings of Rutherford (1996) and . It should be emphasized, however, that software developers do not draw heavily from suppliers, but rather purchase pre-packaged and standardized software applications universally available. In this respect, material supplier linkages might not be the best indicator to judge the local innovative practices of these firms (Trippl et al., 2009 a Firms were asked to rate the importance of suppliers and customers in innovation processes on a scale from "1" ¼ unimportant to "5" ¼ critical.
11 An early study indicated that regional input linkages in CTT were not necessarily much weaker though than in other North American IT regions (Bathelt, 1991) .
The three firms which indicated that suppliers played a significant role in the development of new ideas and product innovations were hardware producers. One was purchased by a multinational firm with numerous R&D facilities located around the world. The interviewee indicated that, before the firm was acquired and still had local ownership, " [v] endors were more frequently located here. Now that we're an R&D site, we're linked more with other global players" (Interview 1). The director of another firm that was also acquired by a multinational server and database company commented on supplier relationships saying that " [t] hese are negotiated by our head office in the US. I have no input into these contracts" (Interview 4). In both cases, as the management of these firms moved out of the region, a shift occurred away from local to global supply sources, mediated through their respective corporate networks. This does not imply that the supplier relationships, which would have otherwise existed with local vendors, would have been significant inputs for innovation; the absence of opportunities, however, makes it unlikely that regional supplier -producer relationships, as described by Porter (2000) , will be built in the near future.
(ii) Customer linkages. In comparison to suppliers, the role customers play in the innovation process was considered far more crucial by our interviewees: two-thirds of respondents (12 firms) indicated that customers were important or critical for innovation (Table 5) -similar to what would be expected according to the network literature (Lundvall, 1988) . When asked where the ideas for new products or services came from, each firm cited customers as one of the key sources for the generation of new ideas. All respondents rated customers as either very important or critical to their innovation processes. There was no sectoral difference observed here between software and other IT firms. The customer linkages are generally more robust from an innovative perspective; yet, we again did not find appreciable customer relationships within the region-different from expectations raised in the cluster literature (Malmberg and Maskell, 2002; Gertler, 2004 )-confirming a weak vertical dimension.
The location of customers, similar to suppliers, was deemed not to be relevant by the firms that were interviewed. Nevertheless, it should be noted that this is likely a standard answer to questions concerning the role of proximity, which does not necessarily reflect the actual nature of social relations. The likelihood that close-by customers receive more attention in terms of regular interaction practices than distant customers is certainly higher, especially if we consider the significant role face-to-face interaction plays in this context (Gertler, 2004; Storper and Venables, 2004) .
One firm in our sample, a software company making online customer service inquiry and database software, described in detail how a branch office was established: the founders of the firm hired an executive and relocated much of the sales division of the company to Toronto to leverage the executive's contacts in the financial services sector to expand into a new market segment. Although this case does not allow conclusive statements, examples such as Dalsa's establishment of a small office in Hollywood, Open Text's acquisitions in other countries and RIM's international expansion, which have been publicized through the media, indicate that firms were aware of the need to be present in other markets to acquire important information and develop tighter customer relationships.
All of the firms answered that having local customers was not critical to their innovation process, while three-quarters (14) also emphasized that they sell to a global client base (see, also, . 12 The CTT region and other southern Ontario markets
were not significant to these firms in terms of the percentage of their overall sales: many firms (14) that provided detailed data indicated that their regional sales were 5 per cent or less (Table 4) . It should be noted that most firms, particularly in software, had ongoing support contracts with their customers, and thus received regular feedback from them. The president of a small software firm that provides logistics management software explained that one of his major clients was located in Cambridge in the CTT region, and a second one in the USA, in the state of Mississippi. He experienced no difference in his ability to service the two customers. The primary methods of communication between these firms were the telephone and the Internet, and he spent relatively little time at either of the clients' sites. This is an example that indicates that customers that are close-by, who are rare in our study to begin with, do not automatically experience preferential treatment-different from general assumptions in the network literature (Lundvall, 1988) .
(iii) Internet linkages. Although customers were a major source of new ideas, our interviews suggested that firms who went about implementing these ideas often stumbled over technological hurdles. In aiming to solve these problems, they mentioned the need to turn to the Internet and its user communities to find solutions. As a consequence of these practices, they no longer required close connections with suppliers, customers or peer firms. As one interviewee powerfully stated, " [o] ne of the best skills you can have is finding things on the Internet . . . Ten years ago, I could do my work without the Internet, now I can't. We're dependent on the Internet for this sort of help" (Interview 2). This included the use of virtual user and expert communities which provide assistance with, and solutions for, specific technical problems (Jeppesen and Frederiksen, 2006) , potentially leading to incremental improvements. 13 In our sample, two-thirds of the firms rated the Internet as an important source for finding solutions to problems. In addition, one-third of the firms mentioned intra-firm problem-solving as a decisive instrument in this regard (Table 6 ), suggesting again that extended inter-firm linkages or networks do not exist in the region.
(iv) Community/labor market linkages. Although we assume that the local community of IT firms created a considerable pool of specialized labor, which would enable ongoing exchange and problem solving, this was only occasionally pointed out in the interviews. One respondent stated: "I know where to go and who to ask [in the local community] if I have a technical problem." However, more frequent possibilities for such knowledge exchange seemed limited because of different specializations of the firms and the lack of a cluster context. Whenever more generic knowledge was discussed, possibilities for local interaction seemed stronger. While several of our interviewees talked positively about the local labor market and mentioned that a "critical mass" had accumulated in the region over time, they also pointed to increasing shortages and greater challenges in finding the "right people," brought on by enhanced competition for the existing labor pool in the region. The 12 This finding of lower than expected regional customer linkages is also confirmed in a study of the Vienna software sector (Trippl et al., 2009) . 13 Such practices might, however, not be conducive to discontinuous innovation.
agglomeration of IT firms apparently induces regular face-to-face interaction and accidental encounters with colleagues or neighbors, but relatively little of the expected buzz dynamics emphasized by Storper and Venables (2004) were reported during our research. German social clubs (common in the Kitchener-Waterloo region due to its heritage), neighborhood events and the advantages of living in a smaller urban fabric were repeatedly mentioned as vital elements that make up the character of the local community. We believe that these social events may also play a role for the regional community of IT firms, yet the results of our research do not allow us to say that they have a notable impact on innovation.
(v) Corporate linkages. Our research regarding the genealogy of start-up and spin-off firms also provided extensive evidence of organizational changes as many firms became involved in acquisitions and mergers (Table 3 ). 14 If acquired by foreign firms, they either stayed in the region as more or less independent subsidiaries, or were closed down after a few years and left. 15 As a corollary of these changes, we anticipate that local producer -user linkages have also shifted (see Xu, 2003) . Even if local linkages might have played a somewhat stronger role originally, several interviewees indicated that corporate networks and non-local business relations have become much stronger over time. This can be viewed as a logical move to gain access to a broader corporate competence base and larger markets. We a Firms were asked who they turn to for help to solve a problem related to product design, production or market development.
14 We could not find a particular pattern to explain why these firms were acquired, but anecdotal evidence suggests that firms acquired local firms to gain a foothold in the region to access firm-specific knowledge and gain priority access to graduates. 15 Rarely, however, did it seem that the founders themselves left the region in these cases. In fact, there were a few instances where the founders later started a new regional business in a different technology segment.
suspect that direct customer contact was still significant for these operations in acquiring strategic information about product performance and the future direction of innovation.
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Aside from the increasing role of Internet user communities (Jeppesen and Frederiksen, 2006) , a possible explanation for the above described results might be related to the nature of these firms that are highly specialized with few local customers or suppliers. Consequently, the firms did not benefit from local buzz-a tendency also observed by Trippl et al. (2009) . Instead, they operated much like "stand-alone" firms in the regional economy. Some were also too small in terms of resources and employees to establish frequent and intensive face-to-face contacts with distant customers-and thus did not develop the buzzand-pipeline structure described by Bathelt et al. (2004) . Given the degree of specialization, it appears plausible that the reliance on Internet and intra-firm information sources were key to these firms. This supports the conclusion that regional spin-off/start-up firms surrounding the University of Waterloo did not channel regional technological triggers by the means of local network linkages (see also Xu, 2003) , different from assumptions in the cluster literature (Porter, 1990) . 17 Overall, these results suggest that restructuring successes in the CTT region were primarily due to individual-firm competencies, rather than the consequence of collective action or local innovation networks.
Institutional Linkages and Support
In the previous section, we observed that the firms interviewed did not have strong producer -user linkages within the CTT region. Firms in the region often used non-local customers as their key source for new ideas, while the process of solving implementation challenges was typically resolved within the firms and/or with reliance on peer-Internet communities. In this section, we extend this discussion by investigating the role of institutional linkages and support in innovation, focusing on the role of public R&D laboratories/universities, business organizations, government bodies and peers/regional skill-sets. As suggested in the literature, such linkages can be important as they create favorable conditions for economic interaction, establish a trust basis and enable continuous reproduction (Hodgson, 1988; Gertler, 2004) .
(i) Public R&D laboratory/university linkages. Collaborations with public R&D laboratories and universities were generally not very common among the sample population: over 70 per cent of the firms (13) did not engage in university research opportunities and about 85 per cent (15) did not utilize public R&D laboratories. The few firms that had collaborative relationships with public research laboratories typically also had relationships with universities. University research generally involves a mix of scientific discovery, testing and prototype development, whereas public R&D laboratories tend to be more focused on mission-oriented assignments, standard-setting responsibilities, and scientific projects that require capital and human resources beyond those available to private sector research organizations (Leslie, 1993) . Based on this multitude of functions, the motivation of firms to collaborate with either of these organizations seems to depend on the project at hand, and is driven by the needs of the R&D strategy (Bercovitz and Feldman, 2007) . Despite different motivations to collaborate with universities and public R&D laboratories, we found that many of the firms did not draw specific knowledge from their interaction with the University of Waterloo. Given the context of our research, as well as media reports about the region, this was unexpected. Such linkages did not establish a coherent basis for the development of networks or clusters in the sense of Bathelt and Boggs (2003) .
One respondent from a manufacturer of high-precision measuring devices who used both university and public R&D laboratories stated: "They are the ones who are exploring the frontiers of where our technology will be used in the medical field five or more years out . . . The universities are mostly for monitoring rather than problem solving" (Interview 3). For this firm, public R&D laboratories provided foresight into future possibilities. Parallel, the firm also tapped into a strong international network of research partners and established a European development facility as a center of excellence for electromagnetic applications.
The three firms which indicated that they collaborated with public R&D laboratories were all hardware producers. The innovation and product development processes of software firms aligned infrequently with the research conducted at universities, whereas hardware developers seemingly found collaborative projects more readily.
(ii) Business organization linkages. In terms of business organizations, Communitech was frequently mentioned as a contact partner by the interviewees, but only one-third (6) utilized its service offerings. Communitech partners with public entities from all levels of government, business associations, educational institutions and technology organizations to support the region's technology sector through various initiatives (Wahl, 2007) . These initiatives include business and technology forums, seminars, conferences and peer-to-peer events ranging from general business operations to specific networking events for executives. Many interviewees pointed out the importance of Communitech for the regional industry, even though relatively few seemed to be involved in intensive interaction and no one viewed it as decisive to innovation. The peer-to-peer events were found to be particularly useful as one of our interviewees emphasized:
Software developers in the region use common tools, such as Java and Dot.Net. The software developer folks here get together with their peers at the Communitech groups and talk shop. That gets them excited about their chosen domains, and they come back here and apply it to the health care sector. We saw that with virtualization. We've tapped into the local community, sponsored internal forums based on that, and we have sites all over the world that are using virtualization technology. (Interview 1)
Another firm was less enthusiastic, rating Communitech "not critical, but of value" (Interview 6). The peer-to-peer sessions did not primarily have educational value to the participants, but helped to deepen social networks. One executive noted: "They are good at sponsoring meetings of best-practice leaders, and that's really important for keeping [our firm] really sharp" (Interview 3). Of the six firms which indicated that they made use of Communitech's services, half said that they used them for programmers to keep up with generic knowledge in the field, and half also indicated that this was a good resource to keep up to date with business practices; four firms further suggested that participation was valuable because it generated access to trends and gossip, especially related to human resources in the region. The peer-to-peer programs seemed valuable to firms to access generic knowledge, but domain-specific or specialized knowledge that is an essential input into innovation was not shared.
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In general, the firms in our sample population had weak linkages to local business organizations. CTT Inc. was not mentioned in this context. Although firms were aware of this organization, and highly valued the work of CTT Inc. in marketing the region, none of the interviewees deemed it important for their own business activities. One possible explanation for this might be that CTT Inc. is primarily concerned with attracting businesses and entrepreneurs to the region, and the development of private and public partnerships, which seemed less relevant for the IT firms examined in this study. 19 Overall, these organizations did not stimulate innovation networks to support cluster-like developments in the sense of Cooke and Morgan (1998) .
(iii) Government linkages. Local, provincial or federal public business or economic development organizations were not mentioned at all by the interviewees, but, when asked about them, they were primarily acknowledged as instruments that ensured that locational attributes such as infrastructure or operational space were in place. Nevertheless, it was also pointed out that, even if such organizations did not directly impact the innovative capacity of local firms or explicitly stimulate cluster development, they performed important functions, such as the provision of adequate immigration policies which allowed firms to attract international talent. At best, they might influence the innovative output of firms in an indirect sense.
(iv) Peer linkages/regional skill-sets. Although the firms interviewed appeared relatively isolated in terms of inter-organizational linkages that provided significant input into the innovation process, the respondents had developed close peer relationships over the course of their university and professional lives. When asked to rate the role that peer contacts played in problem solving, all firms indicated that these relationships were not sources of ideas or knowledge regarding innovation; however, they also mentioned that they sometimes drew upon such contacts for problem-solving activities (Table 6 ). These were primarily social relationships and sources of gossip, specifically about staffing issues and the health of other firms in the region. Not surprisingly, such relational ties with peers tended to be trustful and allowed for a relatively open exchange of information-without requiring spatial proximity (Bathelt and Boggs, 2003) . 18 Additional informal peer groups which exist outside of Communitech were not mentioned as being significant for innovation. The Accelerator Centre, which is an organization that was launched in 2006, related to Communitech to provide mentorship to new start-ups, was also not mentioned by our respondents. 19 Our research also does not indicate that further informal networks such as "angle networks" or other organizations were of specific importance in innovation, even though we explicitly asked about such contacts.
All interviewees identified the skill-sets and knowledge of their employees as the single most important factor contributing to innovative success within their market. The ability of local firms to attract highly skilled personnel can thus be viewed as key to their continued success. In addition to a general set of programming skills, the IT firms interviewed also demanded a specific skill-set from their workers. The skills of university graduates, including some specialized knowledge and/or work experience, largely seemed to satisfy these entrylevel requirements. Once working for a firm, employees were usually expected to engage in extensive on-the-job learning and training.
Overall, innovative inputs through collaborative research with the local universities were clearly less important than expected, but many interviewees mentioned two other specific facets by which the University of Waterloo, in particular, provided important linkages supportive to innovation: first, the university's progressive intellectual property policy was mentioned, even though only a few firms benefited from it directly when they started up their venture. Second, the reputable co-operative education program, which is currently the largest program of this nature in the world (Nelles et al., 2005) , provided a steady influx of talent for the local firms on a contractual basis (Wahl, 2007; . The University of Waterloo is a pioneer of this form of temporary student placement, and one of its main advantages, as pointed out by several respondents, is that it distributes student placement among local firms on a cyclical basis. Several respondents mentioned that the co-op program made it easier to carry out short-term projects that needed additional human resources, due to the flexible temporary workforce provided by the University of Waterloo. Overall though, the institutional basis to trigger cohesive regional innovation networks was not well developed in the CTT region.
Conclusions: Individual vs. Collective Inputs for Innovation in the CTT Region
In summary, our research offers some interesting insights into the social dynamics of innovation in a second-tier city-region in Canada. Although the CTT region is frequently portrayed as a dynamic technology region that draws from university-related start-up/spinoff processes, knowledge transfers and corresponding regional networks in the IT field, our research illustrates a different picture of the development in this region. In contrast to what we expected, we did not find proof of strong value-chain-based or cross-sectoral networks and knowledge flows.
We set out with the assumption that university-related start-ups/spin-offs in the area of IT would be the most likely of ventures that should demonstrate evidence of strong horizontal and vertical relationships in innovation, leading to local buzz. However, the empirical results derived from our interviews showed that, first, there were fewer such startups/spin-offs than expected and, second, most of these firms operated in specific crossregional networks along market and technology linkages that adhere to their particular technological expertise. Local linkages with customers and suppliers, and the existence of regional industry networks, such as those described in conventional cluster approaches, were quite limited in their extent, or absent altogether. Firms seemed to construct relevant relationships frequently via Internet communication and non-local collaborations that followed from it.
Although the IT sector may be somewhat specific in terms of its ability to create international networks, it does not possess fundamentally different linkage patterns than other new technologies. In particular, we expected university start-up/spin-off firms to display a somewhat stronger regional orientation, especially in their early stages. This was, however, not the case. We found three reasons that help to explain this: first, it seemed that firms in the area of specialized software solutions were able to establish a broader extraregional customer base more quickly and easily than firms in other industries. Second, regional firms were extremely diversified, limiting the opportunities for local network creation in a mid-sized metropolitan region. Third, acquisitions by larger entities that took place within the region served to provide access to wider extra-regional corporate networks, and thus boosted market legitimacy for the respective units. Overall, we found that these firms created limited specialized local buzz in innovation. With respect to our conceptual expectations regarding the conditions for regional clustering and innovation, we found that most firms were stand-alone units in the regional economy with strong international customer linkages, particularly to the USA. They had little ongoing research activities with R&D laboratories and universities. Regional industry organizations also played a limited role in stimulating innovation. It is unlikely that such limited innovation linkages could spur the development of a specialized industry agglomeration as described in the cluster literature.
Despite the lack of strong regional relationships, IT spin-off/start-up firms appeared to be clearly embedded in the community structure. The University of Waterloo provided important skill flows to the regional firms in the form of qualified graduates, but these were generic skill flows that did not directly strengthen innovative capabilities. As Bill Gates, Microsoft Corp., emphasized during a visit to the region: "Most years, we hire more students out of Waterloo than any university in the world, typically 50 or even more" (CTV.ca, 2005) . In contrast to these labor market effects, our study indicated that less specific knowledge is being transferred to the region by entrepreneurial faculty members and graduates than we would have expected. Over time, existing university spin-offs/start-ups seemingly entered a stage of incremental innovation, with few strong R&D relationships to the university (or the region) persisting.
Although our empirical work is strictly related to the CTT case, it is tempting to draw some wider conclusions regarding university spin-off processes and regional technology transfer effects (Bathelt et al., 2010) . Considering that the University of Waterloo is often portrayed as one of the key examples of strong technology transfer with its surrounding economy, we might have to lower our expectations regarding such exchange processes. There are surprisingly few concrete examples of strong technology linkages between universities and their regional economy, and even cases, such as Stanford University, MIT and the University of Cambridge, are inconclusive. It might be more precise to conclude that it is primarily weak ties and generic knowledge that hold together the fabric of innovation in a region. The role of local universities as a source of spin-off/start-up firms or as a partner in leading-edge research appears sometimes over-stated, which does not mean, of course, that local universities are not significant places of knowledge generation. This is a different story of the CTT region and the University of Waterloo from that portrayed in the media and transpired, in part, through academic publications. In the CTT region, successful restructuring and modernization in the past was primarily a result of individual strengths, shared generic knowledge assets and a strong sense of community in marketing the region's attributes, rather than the effect of collective innovation or networking. Although this fragmented regional economy may experience strong growth in some future periods based on diversification advantages, it may under-perform due to a lack of economic cohesion and little collective synergies at other times. This indicates that the CTT region may not have quite entered the "post-industrial" age, as a recent newspaper report suggests (Perry, 2009 ).
